Life span is a central aspect of life history diversifi cation, and plants have the largest variation and the absolute record in longevity of all organisms: from a few weeks to thousands of years. Life span depends on the organism ' s survival schedule and is often associated with fecundity ( Franco and Silvertown, 1996 ) . The combination of these two complementary fi tness components (survival and fecundity) constitutes the basis for understanding the evolution of life histories ( Roff, 1992 ; Stearns, 1992 ) .
The theory of r -and K -selection, originally coined in a demographic context to describe different density-dependent types of selection, predicts that life histories can evolve toward short or long life spans as a result of variation in ecological factors such as resource availability ( Reznick et al., 2002 ) . Resource limitations impose trade-offs between different fi tness components (e.g., reproductive effort vs. individual growth rate) that are expected to translate into different demographic patterns. For example, as life span increases, the importance of fecundity for overall population dynamics is progressively replaced by that of survival (e.g., Franco and Silvertown, 1996 ; Forbis and Doak, 2004 ) . Accordingly, life history variation has been placed along a slow -fast continuum, with low reproductive rate, slow development, and long life span at the slow end ( Charnov, 1991 ; Heppell et al., 2000 ; Ricklefs and Wikelski, 2002 ) . Given that survival and fecundity are the two basic components of demography, a strong correlation between life span and population dynamics is intuitively expected. Previous studies have not found such relationship in plants Silvertown, 1996 , 2004 ) , however, and it remains to be empirically established how life span and population dynamics are linked in different organism groups.
The aim of this study was to explore the relationship between life span and population growth rate ( λ ), temporal variation in population size, and the relative importance and variability of survival and fecundity. To this end, we used available demographic studies of perennial herbs spread over a long life span gradient that included among-year variation data. Matrix population models were used to compute population growth rate ( λ ; Caswell, 2001 ) , life span ( Cochran and Ellner, 1992 ) , and the demographic importance of survival and fecundity for population growth rates (elasticity, de Kroon et al., 1986 ) . We addressed the following questions: (1) Is a longer life span correlated with more stable population dynamics? (2) If so, to what extent are fecundity and survival, and their respective variances, responsible for this relationship?
MATERIALS AND METHODS
The plant database -We gathered data from plant demographic studies of perennial herbs published up to 2006, based on either size or stage-structured matrix models (a projection matrix summarizes transitions of individuals arranged into classes over the entire life cycle: fecundity, stasis, growth, and retrogression). We only used studies encompassing at least three 1-yr transition intervals and where temporal variation was due to fl uctuations in environmental conditions and not to perturbations such as fi re or experimental treatments like clipping. Overall, 55 populations of 23 herbaceous species included in the study represented 14 families and different habitats, although they were predominantly from temperate areas of the northern hemisphere ( Table 1 ) . Species represented by single and multiple populations were evenly distributed over the longevity gradient.
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BRIEF COMMUNICATION
Life span correlates with population dynamics in perennial herbaceous plants 1
Survival and fecundity are basic components of demography and therefore have a strong infl uence on population dynamics. These two key parameters and their relationship are crucial to understand the evolution of life histories. It remains, however, to be empirically established how life span, fecundity, and population dynamics are linked in different organism groups. We conducted a comparative study based on demographic data sets of 55 populations of 23 perennial herbs for which structured demographic models and among-year natural variation in demographic attributes were available. Life span (from 4 to 128 yr old), estimated by using an algorithm, was inversely correlated with the deviance of the population growth rate from equilibrium as well as with among-year population fl uctuations. Temporal variability was greater for short-lived species than for the long-lived ones because fecundity was more variable than survival and relatively more important for population dynamics for the short-lived species. The relationship between life span and population stability suggests that selection for longevity may have played an important role in the life history evolution of plants because of its ability to buffer temporal fl uctuations in population size. discarded to eliminate transient effects) was used to calculate the N t +1 / N t ratios whose variance was computed as an estimate of fl uctuation in population size. The seed bank was included in the simulations when this class was part of the matrices (10 species, see Table 1 ), but seeds were excluded to calculate N i . Thus, temporal variance in λ was always computed taking only into account the number of aboveground plants. Again, temporal variability was averaged across populations if more than one was available per species. The statistical significance of the relationships between life span and deviance of λ from unity, and variance in λ were tested by linear regression models.
Importance and variability of life history components -Elasticity is defi ned as the proportional change in λ resulting from a proportional change in a matrix element, and may be interpreted as the contribution of a matrix element to λ ( de Kroon et al., 1986 ; Caswell, 2001 ) . The sum of elasticities of all matrix elements is one, allowing comparisons of single or grouped elasticities. To examine how the relative importance of survival and fecundity are related to life span, we computed elasticities for matrix elements and summed the transitions representing survival (growth, stasis, and retrogression) and fecundity (seed and/or seedling production). Given that elasticity values may change with matrix dimensionality ( Ramula and Lehtil ä , 2005 ) , we also checked if matrix size was correlated with life span.
We computed the among-year variance in survival and fecundity to explore to what extent the pattern of variability in λ was infl uenced by variation in these two demographic components. Because the published information that was the basis for our analyses was arranged into matrices, fecundity and survival could only be examined within particular classes of sizes or stages. For this reason, we focused on the class with the highest fecundity and survival in each population. The coeffi cient of variation (CV) for fecundity was computed from seedling production (when it was provided by the matrix), or from the product of number of seeds and proportion of seeds germinating (for species including a seed bank class). Temporal variation in survival was computed in terms of " relativized CV " (CV/CV max ), following the procedure suggested by Morris and Doak (2004) . This method takes into account that when vital rates are constrained from zero-to-one following a beta distribution, CV decreases as the mean approaches the upper or lower limit of this range. The variability in fecundity and survival was averaged across populations if more than one was available. A paired t test was then performed to compare the variability of both components within species, and linear regression was used to examine the relationship between life span and the CVs of fecundity and survival.
or mean age at death, conditional on reaching a given stage, minus one. This time-invariant method is suitable for situations where environmental variability is not driven by strong stochastic disturbances ( Tuljapurkar and Horvitz, 2006 ) , a common situation in this study. To reduce the infl uence of each particular year ' s survival pattern, life span was estimated from the mean matrix over years for each population. If studies provided data for more than one population, we averaged values across populations to derive one specifi c value.
Life span is not a fi xed, specifi c value but depends on mortality rates that vary over space and time. Our estimates of life span thus include a sampling error. We are, however, confi dent that they are properly ranked across species. First, our estimates for the shortest-lived and longest-lived species agreed well with our own estimates from monitoring and real-age recordings ( Garc í a, 2003 ) . In addition, Ehrl é n and Lehtil ä (2002) found in a larger database that such estimates agreed well with estimates derived from other sources. Moreover, we computed specifi c life spans in this study from matrices that averaged at least three different years (4.5 ± 1.8 matrices per population, mean ± SD), and often from different populations under natural conditions, which should reduce the effect of extreme environmental conditions. Population growth rates and temporal variability -Because we dealt with a sequence of n years ( n matrices: A 1 to A n ) for each population, the deterministic population growth rate ( λ ) was computed from the resulting matrix for each temporal series as ( A n · A n-1 · … · A 1 ) 1/ n . Each series represents a real sequence of matrices, a more realistic situation than the mean matrix or the average of deterministic yearly λ values. Deviance of the resulting λ from unity was used to explore how far the population dynamics was from equilibrium. The deviance was calculated as the absolute value of 1 -λ for each population. For exploring population trends at the specifi c level when more than one population is involved, mean deviance is more informative than mean λ because the average for increasing and decreasing populations could result in λ values close to equilibrium.
Temporal variance in λ was calculated from simulations rather than using the analytical variance of yearly deterministic (stationary) λ because the former was considered more relevant to the actual dynamics of populations. An initial population vector containing thousands of individuals in each class (to avoid extinctions) was consecutively multiplied by a matrix randomly selected from the particular set of matrices from the population. The resulting population size ( N i ) after each multiplication ( t = 10 000 iterations with the fi rst 1000 values earlier studies failed to establish such relationships between life span and population dynamics Silvertown, 1996 , 2004 ; Ehrl é n and Lehtil ä , 2002 ) . The reason for a lack of correlation may be associated with smaller sample sizes, smaller range of life spans, and the consideration of different life forms in the same analysis. Population sizes of species with short life spans were more variable among years than those of species with longer life spans. This pattern was the result of a higher temporal variability in fecundity than in survival (also reported in Franco and Silvertown, 2004 ) and a higher elasticity of fecundity in short-lived species. Short-lived herbs, such as Daucus carota or Lobularia maritima , occur in open, disturbed areas often colonized by more competitive species after a few years. Fast life cycles and high fecundity schedules are effi cient mechanisms to replenish the seed bank or disperse and effi ciently exploit newly opened habitats. Because short-lived herbs have large temporal population fl uctuations, they will be more prone to local extinctions ( Tuljapurkar and Orzack, 1980 ; Menges, 1997 ) unless longevity is assured through seed bank ( Eriksson, 1996 ; Ehrl é n and Lehtil ä , 2002 ) . In contrast, long-lived plants, such as Borderea chouardii, Ramonda myconi, or Lathyrus vernus , occur in environments where not only competition for resources is strong (e.g., mature forests), but also more generally where few safe-sites for recruitment are available (e.g., rocky places). High survival of RESULTS Estimated life spans ranged from 4 years in Lobularia maritima to 128 in Borderea chouardii , with a median of 17 years ( Table 1 ) . Neither matrix dimension ( P = 0.35) nor the duration of the study ( P = 0.10) were correlated with life span so that these two parameters did not bias our results. Population growth rates ( λ ) ranged between 0.523 (decreasing dynamics) and 1.815 (increasing dynamics). Overall, λ values were closer to unity in long-lived plants, whereas short-lived plants had a wider range of λ values including decreasing and increasing population dynamics ( Fig. 1 ) . Deviance of λ from unity significantly decreased with increasing life span ( Fig. 2 ; r = − 0.76, R 2 = 0.57; F = 27.9; P < 0.0001).
Temporal variance in λ was also signifi cantly negatively correlated with life span ( Fig. 2 ; r = − 0.60, R 2 = 0.36, F = 12.1, P = 0.0022). Temporal variation in fecundity was, on average, three times larger than variation in survival (paired t test, t = 7.80, P < 0.0001, N = 23), and signifi cantly decreased with increasing life span ( Fig. 3 ; r = − 0.53, R 2 = 0.32, F = 10.65, P = 0.004). Temporal variation in survival, on the contrary, was not correlated with life span ( Fig. 3 ; P = 0.11). The elasticity of survival was higher than 90% in plants with life span estimates greater than 15 years ( Fig. 4 ) , and the two variables were positively signifi cantly correlated ( r = 0.75, R 2 = 0.56, F = 27.2, P < 0.0001; age was log transformed). In contrast, and because the elasticity of survival and fecundity sum to one, the opposite pattern was observed for fecundity: it drastically decreased from 40% to less than 10% in plants with life span estimates over 15 years. Thus, the observed higher temporal fl uctuations in λ in short-lived plants were the result of a higher variability in fecundity than in survival and a higher relative importance of fecundity to overall demographic performance.
DISCUSSION
Life span is an important life history trait that is often unknown for herbaceous plants (but see Bender et al., 2000 ; Ehrl é n and Lehtil ä , 2002 ) . In this study we incorporated a wide range of life spans for herbaceous perennials and were able to demonstrate a clear negative relationship between life span and deviance of population growth rate from equilibrium and temporal variance in population growth rate. Although these patterns seem intuitive, they have not been demonstrated previously; established individuals translates into a reduced dependence from fecundity and thus a higher probability of local persistence regardless of environmental variability. Longevity has been claimed as an important life history trait for the persistence of populations at harsh or extreme environments or under frequent long periods of adverse conditions ( Eriksson, 1996 ; Larson et al., 1999 ; Garc í a and Zamora, 2003 ; Forbis and Doak, 2004 ; Arx et al., 2006 ) . A long life span would therefore be a good strategy to avoid local extinctions caused by scarce and unpredictable recruitment as well as large population fl uctuations.
We looked for demographic patterns along a wide range of life spans within a group of plants of similar life form. Our results supported the expected positive relationship between life span and stable population dynamics. This pattern is due to the fact that both temporal variability in fecundity and relative importance of population growth rate to fecundity are higher in short-lived than in long-lived herbs. The relationship between life span and population stability suggests that longevity may have evolved to mitigate the effects of variable and unpredictable environments. Living longer, thus, may be an adaptive strategy to persist in diffi cult ecological scenarios. Fig. 4 . Relationship between elasticity of the survival component and life span for 23 perennial herbs. The elasticity of fecundity is the reciprocal of that of survival so that both percent elasticity values sum to 100.
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